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LOGIC AND EQUATIONS FOR THE REAL-TIME COMPUTATION OF THE LUNAR MODUU 

LAUNCH WINDOW AND FEZOMMENDED LIFT-OFF TIME 

By R. K. McDonough and W. A. Sul l ivan 

SUMMARY AND INTRODUCTION 

This I n t e r n a l  Note presents the  logic  and mathematics of the  
Lunar Launch Window Processor (LWP). 
t a i l e d  flow char t s  def ine the  processor f o r  t he  AS-504 real-t ime com- 
puter  systems. The LIWP computes the  lunar module (IN) recommended 
t i m e  of l i f t - o f f  from the  lunar  surface and the  lunar  launch window. 
The output w i l l  be used f o r  mission planning p r io r  t o  AS-504 and w i l l  
be used i n  real-t ime t o  compute the Lunar Launch Window Display f o r  
the launch time planning. 

The enclosed func t iona l  and de-  

LUNAR LAUNCH WINDOW PROCESSOR 

The LIWP computes l i f t - o f f  times a s  a funct ion of the height 
difference (aK) i n  the  c o e l l i p t i c  o r b i t s  phase of the  lunar  concentric 
rendezvous plan ( r e f .  1). 
lunar  surface i s  t h a t  launch t i m e  during a given command and serv ice  
modules (CSM) revolut ion f o r  which the  required AH is  the  nominal mission 
value. The lunar  Launch window is defined as the  t o t a l  i n t e r v a l  of time 
i n  the  CSM revolut ion during which the IM can l i f t - o f f  and rendezvous 
wi th  the CSM within the l i m i t s  of maneuver-AV budgets, IN ascent s tage 
power l i fe t ime,  and sa fe  o r b i t a l  a l t i t u d e s  

The recommended IM time of l i f t - o f f  from the 

The l i f t - o f f  time computation involves simulation of the mission 
from IM launch through rendezvous. The l i f t - o f f  time which s a t i s f i e s  
phase convergence f o r  the  given c o e l l i p t i c  AH a t  terminal  phase i n i t i a -  
t i o n  i s  the  required time. 
l i f t - o f f  time, maneuver times, and maneuver-nV values.  

The LIWP output f o r  each AH includes the  



The LWP times may be computed based on e i t h e r  IM or CSM execu- 
t i o n  of t he  rendezvous maneuvers. 
the  maneuvering vehicle i s  below the  t a r g e t  vehicle,  and i s  negative 
otherwise. The pos i t ive  ~ $ 3  values a r e  l imited by the  minimum allowable 
pericynthion a l t i t ude .  The negative AH values a re  l imited by the  ren- 
dezvous AV budgeted f o r  the  maneuvering vehicle;  however, a t h e o r e t i c a l  
l i m i t  e x i s t s  above which the vehicle cannot acquire the  t a r g e t  along 
the input elevation angle. 

I n  e i t h e r  case,  AH i s  pos i t ive  when 

The launch window boundary times a re  computed f o r  these  AH max- 
ima with terminal  phase delayed i n  time t o  the  l i m i t  of ascent  stage 
power l i fe t ime.  

The LWP logic  i s  divided i n t o  three  blocks.  The main, o r  con- 
t r o l ,  block i s  ca l led  the  LWM and c a l l s  f o r  HMALIT and TILL. The HMALIT 
(Lunar Height Maneuver I t e r a t o r )  block computes the  lunar  concentric 
rendezvous sequence t o  maneuver from the  input CSI posi t ion i n t o  an o r b i t  
c o e l l i p t i c  t o  the t a r g e t  and with the input  &3. The TILL (Time I t e r a t o r  
fo r  Lunar Lighting) block computes the time of a r r i v a l  of the  t a r g e t  
vehicle a t  an angle from the  earth-moon l i n e  and i s  used t o  f i x  terminal  
phase i n i t i a t i o n  a t  a point with acceptable l i g h t i n g  conditions.  
t i o n a l  and detai led flow char t s  f o r  W, HMALIT, and TILL a r e  presented 
i n  Appendices A, B, and C, respect ively.  

Func- 

The processor uses the Lunar S a t e l l i t e  Analytic Ephemeris 
Generator (JSAEG of r e f .  2 )  for  vehicle ephemeris predict ion.  
bols used for  ISAEG a re  given i n  Appendix D. Severa l  s p e c i a l  purpose 
t r a j ec to ry  subroutines a re  ca l led  i n  addi t ion t o  the  LSAEG. These a re  
COEDH, ENSERT ( re f .  3) ;  STAP, STILI ( r e f .  4) ;  TIMA, TIMFA, THEI'R ( re f  5 ) ;  
PERKAP ( ref  6 ) ;  and, t he  two-impulse maneuver rout ines  ( r e f  7). 

The'sym- 
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APPENDIX A 

FUNCTIONAL AND DETAILED FLOW CHARTS FOR LI;wM 
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SYMBOLS 

Constant Input:  

x 

fnm 

Variable Input : 

IBURN 

I T P I  

3.141392 

lunar g rav i t a t iona l  p o t e n t i a l  

mean lunar radius  

angular i t e r a t i o n  tolerance 

height i t e r a t i o n  tolerance 

time i t e r a t i o n  tolerance 

in t e rna t iona l  f e e t  per n a u t i c a l  mile 

f l a g  t h a t  cont ro ls  a t  what time CSI i s  done 

= 0, CSI i s  done 90' from inse r t ion  IBURN 

= 1, CSI i s  done a t  an input elapsed 
time from inse r t ion  IBURN 

f l ag  t h a t  cont ro ls  a t  what pos i t ion  TPI 
i s  done 

E 0, TPI is done a t  an input angle 
away from t h e  earth-moon l i n e  ITPI 

= 1, TPI i s  done over an input  longitude ITPI 

= 2, TPI is  a t  an input  t i m e  ITPI 



'SRCH 

IOS 

M 

P 

NCuRv 

Lm 
max t 

HS 

"MAX i 
(i=1,2) 

f l a g  t h a t  cont ro ls  the  search option f o r  
the  absolute opening and c los ing  of the 
launch window 

= 0, compute the launch window f o r  ISRCH only the  input &-I t a b l e  

= 1, compute the complete winduw 'SRCH 
f l a g  t h a t  cont ro ls  posi t ion f o r  f i n a l  
maneuver 

= 0, compute f i n a l  maneuver f o r  a ren- 
dezvous so lu t ion  IOS 

Ios = 1, compute f i n a l  maneuver f o r  an 
o f f s e t  i n  height and phase 

number of maneuvering vehicle  

M = 1, CSM i s  maneuvering vehicle  

M = 2, IM is  maneuvering vehicle  

number of non-maneuvering vehicle  

P = 1, CSM i s  non-maneuvering vehicle 

P = 2, I%I i s  non-maneuvering vehicle  

number of points used i n  the  curve f i t  

number of e n t r i e s  i n  the AH t a b l e  

maximum in-orb i t  l i f e t ime  of the  ascent 
s tage power systems 

minimum sa fe  height  of an o rb i t i ng  vehicle 

rendezvous nV budget f o r  both vehicles  
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(i=1, L ) aH 

em 

Pf 
t 

vBO 

'TPI 

yS 

*$FF 

thole 

t~~~ 

input t ab le  of c o e l l i p t i c  a l t i t u d e  d i f -  
f e renc e s 

powered f l i g h t  a rc  of IN 

height of i n se r t ion  of IM 

powered fl ight time of IM 

inser t ion  ve loc i ty  of IN 

angle from TPI t o  t h e  earth-moon l i n e  

yaw s t e e r  capab i l i t y  of IM 

time t o  t r a v e l  from inse r t ion  t o  CSI 

height difference t o  begin curve f i t  with 

height difference t o  increment curve f i t  
with 

t r ans fe r  angle f o r  terminal  phase 

elevation angle t o  i n i t i a t e  terminal  phase 
on 

of fse t  he igh t  d i  f f erenc e 

phase angle o f f s e t  

threshold time t o  determine which launch 
window is obtained 

time of TPI 

radius, longitude and l a t i t u d e  of landing 
s i t e  



a 

tl 

%PI 

output 

SELET mi (i = 1, I 

(i = 1, I T~~~ i LOOP 

) SEJJT (i = 1, I D V ~ ~ ~  i 

1 SEmT DVT (i = 1, I 

t i m e  of landing s i t e  vector 

CSM vector  i n  c l a s s i c a l  coordinates 

t i m e  of CSM vector  

longitude a t  which TPI i s  t o  be 
scheduled 

t a b l e  of l i f t - o f f  times 

t a b l e  of c o e l l i p t i c  height  d i f fe rences  

t a b l e  of CSI times 

t a b l e  of CDH times 

t a b l e  of TPI times 

t a b l e  of TPF times 

t ab le  of CSI maneuver cos t s  

t a b l e  of CDH maneuver cos t s  

t a b l e  of TPI maneuver cos t s  

t a b l e  of TPF maneuver cos t s  

t a b l e  of t o t a l  maneuver cos t s  i n  plan 

t a b l e  of rendezvous o r b i t  numbers 
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APPENDIX B 

FUNCTIONAL AND DETAIIED FIDW CHARTS FOR HMAUT 
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Constant Input : 

A 

P 

6h 

Variable Input : 

t 

ISAEG 

M 

P 

output : 

AVCSI 

*%DH 

tCDH 

3,141.592 

moon g rav i t a t iona l  constant 

i t e r a t i o n  to le rance  on height 

time of CSI 

input  for both vehicles  a t  time t 

number of maneuvering vehicle  

M = 1 - CSM i s  maneuvering vehicle  

M = 2 - I M  is  maneuvering vehicle  

number of passive vehicle  

P = 1 - CSM is  passive vehicle  

P = 2 - IM is passive vehicle  

CSI maneuver cos ts  

CDH maneuver cos t s  

t i m e  of O H  maneuver 
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FUNCTIONAL AND DETAII;ED FUlW CHARTS FOR TILL 
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Constant input : 

3l 

Variable input  : 

IS 

t 

cp 

IL 

3.14159 . . . 
i t e r a t i o n  tolerance on time 

rout ing  f l a g  for l i g h t i n g  source 
Is = -1 - f o r  MSFN s i t e  

Is = 0 - for e a r t h  l i g h t i n g  

I s = l -  for sun l i g h t i n g  

threshold time t o  begin search 

vec tor  from MSFN s i t e  t o  moon a t  time t 

angle from moon-source l ine-of-centers 
t o  en t ry  or e x i t  of darkness ( t o  ACQ 
o r  IOS f o r  MSFN s i t e )  

rout ing  f l a g  

IE = -1 f ind  en t ry  (or  US) 

= 1 f i n d  e x i t  (or ACQ) IE 
loop f l a g  

IL = 0 advance 

I = 1 advance 

vehicle  number 

L 

forward on A t  

forward on computed A t  I 

I 



LSAEG input for  vehicle I 

0 u t  put : 

t 

tG 

t i m e  of a r r i v a l  a t  des i red  condi t ion 

guess time a t  a l t e r n a t e  l i g h t i n g  
c ond it ions 
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' A = O  
8'" 0 

-1 c o s  x 8 = cos c__ *] 
a'= IEP 

I 
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APPENDIX D 

LSAEG SYMBOL DEFINITION 



i -  

.. 

i 

h I‘ 

I 

P 

vehicle  number subscr ip t  

vec tor  f o r  vehicle i n  c l a s s i c a l  coordi- 
nates  

vector  f o r  vehicle i n  rectangular  
coordinates 

vector  f o r  vehicle  i n  sphe r i ca l  coord- 
a i n t e s  

mean motion 

r a t e  of change of argument of perigee 

r a t e  of change of the longitude of 
ascending node 

argument of l a t i t u d e  

r a t e  of change of vehicle  radius  

mean longitude of ascending node 

mean inc l ina t ion  

vehicle o r b i t a l  period 
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